Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching data sources,

gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection
of information, including suggestions for reducing this burden to Washington Headquarters Service, Directorate for Information Operations and Reports,

1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget,

Paperwork Reduction Project (0704-0188) Washington, DC 20503.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE
05-11-2015 Technical

3. DATES COVERED (From - To)
April 2015

4. TITLE AND SUBTITLE
Evaluation of Instrumentation for Measuring Undissolved Water in
Aviation Turbine Fuels per ASTM D3240

5a. CONTRACT NUMBER

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Joel Schmitigal

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
US Army TARDEC RDTA SIE-ES-FPT-PSD

6501 E. 11 Mile Road

Mail Stop 110

Warren, M| 48397-5000

8. PERFORMING ORGANIZATION
REPORT NUMBER

27372

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
US Army TARDEC RDTA SIE-ES-FPT-PSD

6501 E. 11 Mile Road

Mail Stop 110

Warren, M| 48397-5000

10. SPONSOR/MONITOR'S ACRONYM(S)

11. SPONSORING/MONITORING
AGENCY REPORT NUMBER

12. DISTRIBUTION AVAILABILITY STATEMENT

DISTRIBUTION A. Approved for public release: distribution unlimited.

13. SUPPLEMENTARY NOTES

14. ABSTRACT
This technical report details the evaluation of three different instruments used for measuring undissolved water (free
water) in Aviation Turbine Fuels per ASTM D3240

15. SUBJECT TERMS
fuel, JP-8, aviation fuel, contamination, free water, undissolved water, Aqua-Glo

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF J18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
ABSTRACT OF PAGES Joel Schmitigal
none 15
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPONE NUMBER (Include area code)
Unclassified Unclassified Unclassified 586-282-4235

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI-Std Z39-18



INSTRUCTIONS FOR COMPLETING SF 298

1. REPORT DATE. Full publication date,
including day, month, if available. Must cite at
lest the year and be Year 2000 compliant, e.g.,
30-06-1998; xx-08-1998; xx-xx-1998.

2. REPORT TYPE. State the type of report, such
as final, technical, interim, memorandum,
master's thesis, progress, quarterly, research,
special, group study, etc.

3. DATES COVERED. Indicate the time during
which the work was performed and the report
was written, e.g., Jun 1997 - Jun 1998; 1-10 Jun
1996; May - Nov 1998; Nov 1998.

4. TITLE. Enter title and subtitle with volume
number and part number, if applicable. On
classified documents, enter the title classification
in parentheses.

5a. CONTRACT NUMBER. Enter all contract
numbers as they appear in the report, e.g.
F33615-86-C-5169.

5b. GRANT NUMBER. Enter all grant numbers
as they appear in the report, e.g.
1F665702D1257.

5c. PROGRAM ELEMENT NUMBER. Enter all
program element numbers as they appear in the
report, e.g. AFOSR-82-1234.

5d. PROJECT NUMBER. Enter al project
numbers as they appear in the report, e.g.
1F665702D1257; ILIR.

5e. TASK NUMBER. Enter all task numbers as
they appear in the report, e.g. 05; RF0330201;
T4112.

5f. WORK UNIT NUMBER. Enter all work unit
numbers as they appear in the report, e.g. 001;
AFAPL30480105.

6. AUTHOR(S). Enter name(s) of person(s)
responsible for writing the report, performing the
research, or credited with the content of the
report. The form of entry is the last name, first
name, middle initial, and additional qualifiers
separated by commas, e.g. Smith, Richard, Jr.

7. PERFORMING ORGANIZATION NAME(S)
AND ADDRESS(ES). Self-explanatory.

8. PERFORMING ORGANIZATION REPORT
NUMBER. Enter all unique alphanumeric report
numbers assigned by the performing
organization, e.g. BRL-1234; AFWL-TR-85-
4017-Vol-21-PT-2.

9. SPONSORING/MONITORS AGENCY
NAME(S) AND ADDRESS(ES). Enter the name
and address of the organization(s) financially
responsible for and monitoring the work.

10. SPONSOR/MONITOR'S ACRONYM(S).
Enter, if available, e.g. BRL, ARDEC, NADC.

11. SPONSOR/MONITOR'S REPORT
NUMBER(S). Enter report number as assigned
by the sponsoring/ monitoring agency, if
available, e.g. BRL-TR-829; -215.

12. DISTRIBUTION/AVAILABILITY
STATEMENT. Use agency-mandated
availability statements to indicate the public
availability or distribution limitations of the report.
If additional limitations/restrictions or special
markings are indicated, follow agency
authorization procedures, e.g. RD/FRD,
PROPIN, ITAR, etc. Include copyright
information.

13. SUPPLEMENTARY NOTES. Enter
information not included elsewhere such as:
prepared in cooperation with; translation of;
report supersedes; old edition number, etc.

14. ABSTRACT. A brief (approximately 200
words) factual summary of the most significant
information.

15. SUBJECT TERMS. Key words or phrases
identifying major concepts in the report.

16. SECURITY CLASSIFICATION. Enter
security classification in accordance with
security classification regulations, e.g. U, C, S,
etc. If this form contains classified information,
stamp classification level on the top and bottom
of this page.

17. LIMITATION OF ABSTRACT. This block
must be completed to assign a distribution
limitation to the abstract. Enter UU (Unclassified
Unlimited) or SAR (Same as Report). An entry in
this block is necessary if the abstract is to be
limited.

STANDARD FORM 298 Back (Rev. 8/98)




Registration No. 27372

-Technical Report-

Evaluation of Instrumentation for Measuring
Undissolved Water in Aviation Turbine
Fuels per ASTM D3240

Joel Schmitigal

DISTRIBUTION A. Approved for public release: distribution unlimited.

U.S. Army Tank Automotive Research,
Development, and Engineering Center

November 2015 Detroit Arsenal

Warren, Michigan 48397-5000




UNCLASSIFIED

NOTICES
Disclaimers

The findings in this report are not to be construed as an official Department of the Army position
unless so designated by other authorized documents.

Citation of manufacturer’s or trade names does not constitute an official endorsement or approval of
the use thereof.

Destroy this report when it is no longer needed. Do not return it to the originator.



UNCLASSIFIED

U.S. Army Tank Automotive Research Development

and Engineering Center
Warren, Michigan 48397-5000

Evaluation of Instrumentation for Measuring Undissolved Water in
Aviation Turbine Fuels per ASTM D3240

Joel Schmitigal
Force Projection Technology

DISTRIBUTION A. Approved for public release: distribution unlimited.

Standard Form 298 (Rev. 8/98)

Prescribed by ANSI Std. Z3



UNCLASSIFIED

List of Figures I

List of Tables 11

List of Formulas v
Introduction 1
1. Evaluation 2
2. Analysis 3
3. Data 5
4.  Conclusions 6
References 7

List of Symbols, Abbreviations, and Acronyms 8



UNCLASSIFIED

List of Figures

Figure 1. a. Aqua-Glo Series V from Gammon Technical Products; b. JF-WA1 from D-2
Incorporated and c. Digital Aqua-Glo instrument prototype from Gammon Technical Products.. 2



UNCLASSIFIED

List of Tables

TADIE L. TESE IMIALIIX ...ttt bbbttt bbb bbbt n s 3
Table 2. Free water measurements utilizing D-2 Incorporated JF--WA1, Gammon Technical

Products Aqua-Glo Series V, and Digital Aqua-Glo instruments with varying levels of free water
and particulate CONTAMINATION. ........coiiiii e a e re e e 5



UNCLASSIFIED

List of Formulas

Equation 1. Aqua-Glo ReproduCibility ..........ccccueiiiieiieie e
Equation 2. JF-WAL: ReproduCibIlity .........cccueiieiiiie e
Equation 3. Digital Aqua-Glo ReproduCibility ............cceiiiiiiieiiie e



UNCLASSIFIED

Introduction

Fuel quality assurance is accomplished by conducting periodic fuel sampling for the condition
monitoring of aviation fuel by detecting, measuring, and reporting the levels of contaminants in
the fuel. The currently accepted methods for measuring free water contamination of fuel
supplies include:
e ASTM D3240 - Standard Test Method for Undissolved Water in Aviation Turbine Fuels
e ASTM D4176 — Standard Test Method for Free Water and Particulate Contamination in
Distillate Fuels (Visual Inspection Procedures)

Excess free water in aviation fuel can diminish the lubricative properties of the fuel and lead to
icing of fuel filters at low temperatures commonly found at high altitude and artic operations.
The presence of free water in fuel storage systems can also lead to the growth of microorganisms
at the interfacial layer of the fuel and water which can lead to fuel quality degradation, filter
plugging, and fuel system corrosion. Free water contamination (droplets) may appear as fine
droplets or slugs of water in the fuel systems and is controlled by the use of filter separators and
coalescers in fueling handling equipment.

Current standards, such as MIL-STD-3004, Department of Defense Standard Practice for
Quiality Assurance/Surveillance for Fuels, Lubricants, and Related Products and Field Manual
No. 10-67-2, Department of the Army Manual for Petroleum Laboratory Testing and Operations,
specifies limits for free water and particulate matter in aviation fuels. Per Army requirements, at
a minimum free water is checked daily and cannot exceed 10 parts per million (ppm) (1) (2).

In the early 1960°s the US Navy developed the Aeronautical Engine Laboratory (AEL) free
water detector and the associated methodology for detecting free water (3). Later in the decade
Exxon refined this method to utilize a 25mm uranine dye treated pad, implemented the use of an
iris diaphragm to vary the results, and the use of a single built in comparison standard. Gammon
Technical products further refined the AquaGlo testing apparatus used in ASTM D3240, under
license from Exxon, and has introduced several refinements over the years. The test works by
passing a known volume (500 mL) of fuel through an uranine dye-treated filter pad. The free
water in the fuel will react with the uranine dye in the filter pad. The pad is then subjected to an
ultraviolet (UV) light source that causes the dye that has been in contact with the free water to
fluoresce. The fluorescence of the test pad is compared to a known standard, and the free water
in the fuel sample is provided in parts per million by volume. Water levels higher than 12 ppm
can be calculated by reducing the sample size by a known amount.

Instrumentation that reads the filter pads include the Aqua-Glo Series V from Gammon
Technical Products, the JF-WA1 from D-2 Incorporated, and the newly introduced Digital Aqua-
Glo instrument from Gammon Technical Products, Figure 1.
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Figure 1. a. Aqua-Glo Series V frm Gammon Technical Products; b. JF-WA1 from D-2
Incorporated and c. Digital Aqua-Glo instrument prototype from Gammon Technical Products.

1. Evaluation

The test plan for evaluating the Digital Aqua-Glo pad reader from Gammon Technical Products
involved the production of contaminated fuels with varying levels of solid and free water
contamination. As a basic evaluation, only one of each instrument was utilized. The AquaGlo V
was an older unit and the Digital units were both new. The EI 1581 test facility at Southwest
Research Institute was used to develop these fuel samples. Uranine dye-treated filter pads were
prepared by passing 500mL of fuel through the filter pad as specified in ASTM D3240. When
free water content was expected to be greater than 10 ppm the sample size was cut in half to
250mL and when water content was expected to be greater than 24ppm sample size was cut to
100mL. The filter pad was read on the Aqua-Glo Series V instrument from Gammon Technical
Products, the JF-WA1 from D-2 Incorporated, and the Digital Aqua-Glo instrument and the
appropriate conversion factors were then applied to instrument readings to provide ppm if
applicable. A total of 70 samples were analyzed during the evaluation. The test matrix found in
Table 1 provides the contaminate levels tested.

2
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Free water Concentration PPM
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X
Table 1. Test Matrix

2. Analysis

The D-2 Incorporated JF-WAL1 was used as a baseline measurement to compare the Gammon
Technical Products Aqua-Glo Series V and Digital Aqua-Glo instruments. Samples that fell
below 5.0 ppm on the JF-WAL instrument were found to vary by an average of 2.7ppm when
read on the Aqua-Glo Series V instrument, an average of difference of 131%. Samples that were
measured to be greater than 5.0ppm on the JF-WAL instrument varied by an average of 4.0ppm
between when tested on the Aqua-Glo Series V instrument, for an average of 61.4% different.
The measurement variation between the two instruments exceeded the established reproducibility
of the Aqua-Glo instrument as established in ASTM D3240, Equation 1, in 60 of 70 samples
tested. JF-WAUL instrument reproducibility is provided for reference in Equation 2. These are the
results of this abbreviated test procedure, which is not as thorough as an ASTM 'Round Robin’
test. The AquaGlo Series V results showed errors which were determined to be the result of a
faulty instrument.

R = 0.54083x%8%8 ppm
Equation 1. Aqua-Glo Reproducibility
R =0.36913x%4%7 ppm

Equation 2. JF-WAL: Reproducibility

3
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Samples that fell below 5.0 ppm on the JF-WAL instrument varied by an average of 0.4 ppm, an
average of difference of 29.7% when measured on the Digital Aqua-Glo reader compared to the
from the JF-WAL1 results. Samples that were measured to be greater than 5.0 varied by an
average of 0.6 ppm between the JF-WAL instrument and the Digital Aqua-Glo, an average of
difference of 8.44%. The measurement variation between the two instruments exceeded the
established reproducibility, Equation 3, of the Digital Aqua-Glo reader in 7 out of 70 samples
tested.

R = 0.40703x%%"1 ppm

Equation 3. Digital Aqua-Glo Reproducibility
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3. Data
A-3 Dust 0.25 mg/L 0.5 mg/L 1.0 mg/L 2.0 mg/L 2.5 mg/L 2.0 mg/L 2.5 mg/L
Water D-2 | GammonV | GammonD | D-2 | GammonV | GammonD | D-2 | GammonV | GammonD | D-2 | GammonV | GammonD | D-2 | GammonV | GammonD | D-2 | GammonV | GammonD | D-2 | GammonV | Gammon D
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
0 0.7 2 1.3 0.7 2 11 13 3.5 1.7 0.8 3 1.3 0.7 2 11 1.1 3 4.1 1.2 3 1.6
5 - -- - -- - -- 5.0 9 5.1 - -- - -- - -- 4.3 7.5 4.0 4.0 8 3.9
10 6.6 12 6.8 5.8 12 6.4 8.8 14 8.6 8.6 18 7.8 8.0 12 7.8 7.5 12 7.9 8.0 14 7.2
15 12.2 19 11.4 15.2 >24 14.8 10.0 16 9.2 16.0 >24 15.8 16.2 >24 16.6 14.4 22 13.8 18.8 >24 17.0
20 - -- - -- - -- 14.8 12 14.0 - -- - -- - -- -- -- -- - -- -
30 28.5 45 19.5 29.0 45 27.5 -- -- -- 26.5 42.5 24.0 18.5 30 17.5 -- -- -- - -- -
A-2 Dust 0.25 mg/L 0.5 mg/L 1.0 mg/L 2.0 mg/L 2.5 mg/L
Water D-2 | GammonV | GammonD | D-2 | GammonV | GammonD | D-2 | GammonV | GammonD | D-2 | GammonV | GammonD | D-2 | GammonV | Gammon D
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
0 1 2.4 1.5 1.2 3 1.7 1 3 1.2 1.6 4 2.0 1.5 4 1.8
5 - -- - 5 9.5 5.0 -- -- -- - -- - -- - --
10 9 14 8.0 8.8 16 8.0 10.4 18 9.8 9.8 18 9.8 10.2 18 9.6
15 17 >24 16.6 15.2 >24 14.0 14 20 13.2 14.4 >24 13.6 15.0 >24 14.6
30 28 45 24.5 -- - -- 17 30 17.5 35.5 60 33.5 32.0 60 315
A-1 Dust 0.25 mg/L 0.5 mg/L 1.0 mg/L 2.0 mg/L 2.5 mg/L
Water D-2 | GammonV | GammonD | D-2 | GammonV | GammonD | D-2 | GammonV | GammonD | D-2 | GammonV | GammonD | D-2 | GammonV | Gammon D
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
0 1.7 4.5 1.9 1.3 4.5 1.6 1.5 3.5 1.7 1.5 4 1.9 1.2 3 1.6
5 5.2 10 5.4 5.5 10 3.8 4.5 9 4.8 - -- - -- - --
10 11.2 18 10.4 10.8 18 9.2 9.2 17 8.4 11.0 18 10.6 10.2 16 9.8
15 15.2 >24 15.8 17.6 24 13.2 12.4 19 11.0 15.0 >24 14.2 12.6 21 11.6
30 - -- - -- - -- -- -- -- 29.5 55 21.0 325 55 29

Table 2. Free water measurements utilizing D-2 Incorporated JF-WAZ1, Gammon Technical Products Aqua-Glo Series V, and Digital Aqua-Glo instruments with varying levels
of free water and particulate contamination.
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4. Conclusions

Discussions with personnel from Gammon Technical Products indicate that the Aqua-Glo Series
V instrument was malfunctioning during the evaluation. The instrument was calibrated every
hour. There was no way for the user to determine if the instrument was operating correctly or
not. The Aqua-Glo Series V, and similar previous instruments, have been used by the aviation
industry for over 40 years, and is the referee method for ASTM D3240. For this reason it is
acceptable to accept this conclusion from Gammon Technical Products upon their evaluation of
the data presented in this report.

It should be noted that both the Digital Aqua-Glo and the JF-WAL instrument have calibration
checks to verify instrument operation. The Agua-Glo Series V instrument requires frequent
recalibration but does not have a separate verification method which can lead the operator to
obtain incorrect readings due to an instrument malfunction as appears to have occurred during
this evaluation. Gammon Technical products has stated that a verification check for the analog
instrument will be introduced in the near future. The JF-WAL instrument requires annual factory
recalibration but the manufacture has stated that, “The annual calibration can be extended
indefinitely as long as the provided verification shuttle meets 1/2 the tolerance shown for both
values.” The Digital Aqua-Glo performs an internal recalibration before each test reading.

Both the JF-WA1 from D-2 Incorporated and Digital Aqua-Glo pad reader from Gammon
Technical Products are easier to operate than the Aqua-Glo Series V instrument and provided
results commensurate with the analog instrumentation and should be considered for field use for
free water evaluation of jet fuel.
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